We investigate the exposure of European firms to unexpected exchange rate changes of the Euro against currencies of Europe's main trade partners: the USA, UK, and Japan. Using monthly data for the period from 1999 to 2011 and accounting for underlying macroeconomic fundamentals, the analysis covers 600 firms -constituents of the Euro Stoxx TMI and the Euro Stoxx 50. The large number of firms in the sample furthers the insight of how firms' characteristics, that is the level of international involvement, country of origin, industry and firm size associate with the exposure to exchange risks. Among the currency pairs analyzed the Yen is shown to have the highest impact on the market value of European firms, with the largest effect on firms in the financial sector. Moreover, the impact is greater for non exporters and large capitalization firms. The relationship between firms' sensitivities to market and exchange rate fluctuations is explored.
Introduction
With the introduction of the single European currency in 1999 the exchange rate risk among Eurozone countries was mitigated, allowing greater price transparency and fostering competition. In addition, the establishment of the single $ We thank Mardi Dungey, Giovanni Palomba and participants at the 5th International Risk Management Conference for helpful comments and discussion. This work was made possible by the facilities of the University of Cambridge Judge Business School -Center for Financial Analysis & Policy. currency area has led to a reduction in market risk exposure of firms with economic activity in Europe (Bartram and Karolyi, 2006) making foreign exchange risk a declining component of common risk factors for European firms. However, the transition from national currencies to the Euro has led to a significant increase in correlations among European equity markets. This form of economic integration has reduced country specific risks, although relevant regional and global effects still remain (Adjaouté and Danthine, 2004) . Recent episodes of financial distress experienced by Greece, Portugal and Ireland highlighted the vulnerability of a single currency area. National events such as potential default of a sovereign state, financial crisis or burst of an industry bubble, add to investor's uncertainty and decrease confidence in the single currency, leading to increased risk premiums. These facts increase awareness of the strong ties between the value of the Euro and the value of European equity and bond markets.
This paper analyzes the extent to which the unexpected exchange rate fluctuations affect the market value of European firms. The Euro against currencies of Europe's main trade partners, the USA, UK, and Japan, are considered.
1
We analyze all constituents of the Euro Stoxx TMI and Euro Stoxx 50 indices, a total of 600 firms, for the period from 1999 to 2011. We classify the firms according to the level of international involvement, country of origin, industry and size. For each subclass of firms we estimate and compare the sensitivity of stock returns to exchange rate fluctuations. Realizing the significant impact of the Global Financial Crisis (GFC) on the Eurozone markets we contrast our findings in two subperiods: the pre-crisis and the crisis period.
The main contributions of this paper are the following: firstly, it fills the gap in the literature on the exposure of European firms to exchange rate risk. Previous studies have addressed the case of the inception of the Euro on the exposure of European and non-European firms to exchange rate risk (Hutson and O'Driscoll, 2010; Muller and Verschoor, 2006a; Nguyen et al., 2007) . However, the exclusion of the GFC in the analyzed time period and the sample of firms considered thus far (multinational and non-financial firms), offers only a partial insight of this issue.
Secondly, this paper extends the current evidence by comparing results obtained within two different frameworks: the Augmented Market Model ap-
The European Central Bank (ECB) estimates a synthetic competitiveness measure for the effective exchange rates (EER) as geometrically weighted averages of bilateral exchange rates of the Euro against the currencies of the Eurozone's main trading partners. The weights are based on combined imports and exports of manufactured goods. Based on ECB data for the period from 2007 to 2009, the USD, GBP and JPY by far outweigh other Eurozone trade partner currencies.
proach (Jorion, 1990 ) and the Orthogonal Market Model approach (Doukas et al., 2003; Priestley and Ødegaard, 2007) . Although the former has received large attention by academics, the critical points of its specification make Jorion (1990) model unsuitable for investigating the interaction between market risk and exchange rate risk. These weaknesses, however, have been addressed in the Orthogonal Market Model.
Thirdly, the results of this study further understanding of the impact of exchange rate fluctuations on firm's value by highlighting how different firm characteristics (e.g., level of international involvement, country of origin, industry, and size) relate with the magnitude of the exposure to exchange rate risks. Considering the Eurozone is the world's second largest currency area, the Euro is an attractive prospect for other trading nations, allowing access to a large market using single currency. The volume of Eurozone exports have increased by 150% in the period from 1999 to 2011 2 , it is therefore not surprising that the impact of exchange rate fluctuations on the value of European firms is of a great concern in corporate risk management, particularly during periods of financial distress recently experienced by Eurozone countries.
The structure of the paper is as follow: Section 2 reviews theoretical and empirical literature on exchange rate exposure. Section 3 details the approach taken in estimating the sensitivities of stock returns to exchange rate fluctuations. Section 4 describes the data and presents descriptive statistics. Our findings are discussed in Section 5. Section 6 concludes.
Previous empirical findings
Although the literature examining exchange rate exposure of firms is vast, European financial markets have not received as much attention as their US counterparts. The introduction of the single currency in 1999 presented a "natural experiment" to ascertain empirically the economic impact of the elimination of the exchange rate risk among Eurozone countries. Several studies have addressed this issue in an attempt to assess the economic convergence among European countries in the aftermath of the Euro emergence. Only a few studies have investigated the exposure of European firms to fluctuations of the Euro. In comparison, numerous studies have analyzed the impact of the US Dollar exchange rate on US firms.
Since the inception of the Euro, the literature has established several common findings:
• the transition to a single currency have led to an absolute reduction in the number of European non-financial firms significantly exposed to exchange rate fluctuations. In comparison, non-European firms with similar characteristics have experienced smaller reductions (Bartram and Karolyi, 2006; Koutmos and Knif, 2011) ;
• the sensitivity of stock returns to currency fluctuations has decreased even after accounting for difference in risk management practices (for the use of operational and financial hedging instruments see Nguyen et al., 2007) ;
• the reduction in exchange rate risk brought about by the introduction of the Euro is accompanied by a significant decrease in market risk exposure of non-financial firms. The decrease of market risk exposure is greater for firms with foreign business activities in Europe, compared to firms of similar size or operating in the same industry that have no foreign sales or assets in Europe (Hutson and O'Driscoll, 2010; Muller and Verschoor, 2006a; Bartram and Karolyi, 2006) .
To the best of our knowledge this literature represents the extent of the analysis of exchange rate risk exposure specific to European firms (a detailed report of methods and findings of each of the studies cited is presented in Table  12 ). The findings above have been obtained within a commonly used modeling framework, the Augmented Market Model approach based on Jorion (1990) as outlined below:
Here, the stock return, r it , for a firm i is regressed on the contemporaneous exchange rate return, r st , and the market portfolio return, r mt . A firm is identified as being exposed to exchange rate risk when its market value reaction is greater (or less) than the market overall reaction to exchange rate fluctuations. Hence, the coefficient β 1 represents the excess exchange rate exposure, greater (or less) than the market overall reaction to currency fluctuations. The outcomes based on this modeling framework need to be carefully interpreted. When the correlation of stock returns with the returns on the market portfolio is close to 1, the exposure coefficient β 1 does not capture any significant relationship even though the actual shareholder value is affected by currency fluctuations. In this case the reaction of the firm's value to exchange rate fluctuations is equal to the market portfolio behavior. Furthermore, as we describe in the next three paragraphs, the Augmented Market Model posits some critical points related to the specification of the market risk factor, the exchange rate risk factor and the interactions between the two systematic risk components. Firstly, the choice of the market index in (1) influences the sign, magnitude and significance of the estimated exchange rate exposure coefficient, β 1 . Comparing the results obtained with an equally-weighted, value-weighted and firm size-matched market portfolios, Bodnar and Wong (2003) showed that, when large firms are over represented in the index, the estimated exposure coefficients are biased compared to the results based on a broad market index.
Secondly, the exchange rate risk factor should capture all relevant exchange rate movements affecting firm's value. In a rational expectations framework expected exchange rate variations are already priced in the current stock prices, therefore only unexpected currency fluctuations should affect firm's future cash flows, its discount rate and hence firm's market value. This observation requires defining the investor's exchange rate expectation model in order to distinguish the expected and the unexpected components of the exchange rate variations. In this regard, the market rationality hypothesis is extensively supported in the literature. Meese and Rogoff (1983) compared the accuracy of out-of-sample forecasts of various structural and time series exchange rate models and found that the forecasting power of a random walk model performs as well as any of the other existing models at one to twelve month forecast horizon. This evidence corroborated the market rationality hypothesis underlying most of the empirical studies on exchange rate exposure. Assuming the random walk behavior of the exchange rate as the shared investor's expectation model, the unexpected exchange rate movements are empirically operationalized by realized changes in spot exchange rates. There is, however, a lack of consensus regarding the out-of-sample performance of random walk forecasts over any other alternative expectations model. In fact, a certain degree of persistence in exchange rate changes for most currencies has led researchers to consider market's expectation of future exchange rate changes -to a certain extent -as a function of past information. Based on rational expectations, investors might use macroeconomic fundamentals to forecast short term exchange rates movements. The unexpected exchange rate fluctuations are then defined as the residuals from this relationship.
3 Another related issue has to do with determination of the relevant exchange rate index. In empirical research, trade-weighted exchange rate indices or bilateral exchange rate indices are often employed. While the use of a single currency is usually employed to focus on the firm value impact in the case of one dominant trading partner, it may lead to a partial representation of the firm-specific exposure. Thus, the set of currencies considered should be a function of the firm's specific strategic position (see Jongen et al., 2012) . negative correlations among currency pairs over time and, through the diversification effect within the currency portfolio, may lead to an underestimation of corporate exposure (see Miller and Reuer, 1998) .
Thirdly, the excess exchange rate risk exposure does not allow disentanglement of the co-movements between market returns and exchange rate returns. In the case where the market risk factor and the exchange rate risk factor interact, estimators controlling for both of these factors may be subject to collinearity. The association between the endogenous variables, the stock market returns and exchange rate returns, might reflect the influence of economic factors or exogenous shocks on both the exchange rate and the stock returns. Thus, equation (1) may simply capture a spurious relation. Suppose, for example, there is a reduction in interest rates that simultaneously stimulates the economy and depreciates the domestic currency. If stock returns rise due to the stimulation from lower interest rates and if, simultaneously, the currency depreciates, then it may appear that there is a direct relationship between stock returns and exchange rates when in fact there is none (Priestley and Ødegaard, 2007) . Therefore, measures of market risk and exchange rate risk exposures cast doubt on their interpretation when common factors affect both. Given that market and exchange risk factors might be correlated or jointly influenced by common external shocks, several studies have developed modeling adjustments to preserve the consistency of linear regression estimates. These developments rely on two main approaches to handle the collinearity problem. The first approach is to orthogonalize the risk factors in order to obtain uncorrelated components (see Choi and Prasad, 1995; He et al., 1996; Kiymaz, 2003) , while the second approach explicitly adds explanatory variables to proxy the economic factors that are supposed to drive both the market returns and the exchange rate fluctuations (see Miller and Reuer (1998); Gao (2000) ; Chen et al. (1986) ). The Orthogonal Market Model employed by Doukas et al. (2003) and Priestley and Ødegaard (2007) merge both of these approaches by identifying common economic factors and by orthogonalizing market and currency risk factors.
To address the issue of exchange rate risk exposure of European firms, this study analyzes a large sample of firms across several industries and among 15 Eurozone members during the period from 1999 to 2011. Specifically the following questions are addressed:
1. How unexpected exchange rate fluctuations affect firm's market value within the European context and whether these effects strengthen during the period of Financial Depression? 2. Are multinational firms more exposed to exchange rate risk than domestic firms? 3. Are financial firms (particularly in countries recently affected by sovereign financial distress) more exposed to exchange rate fluctuations than nonfinancial firms?
4. After decomposing the market and exchange rate risks, to what extent stocks that are insensitive to market fluctuations (market defensive stocks) provide a hedge against fluctuations in exchange rate?
Modeling framework
We estimate the exposure of European firms to unexpected exchange rate fluctuations within two modeling frameworks: the Augmented Market Model approach in Jorion (1990) , and the Orthogonal Market Model approach as introduced in Doukas et al. (2003) and later in Priestley and Ødegaard (2007) . The former estimates the excess exposure coefficients, and is comparable with the evidence presented in earlier studies (e.g. Muller and Verschoor (2006b) ; Bartram and Karolyi (2006); Nguyen et al. (2007) ; Hutson and O'Driscoll (2010) ; Inci and Lee (2011) ). The latter takes into account the joint influence of common economic factors on both the market and exchange rate returns. Decomposing the market and exchange rate risks allows to explore how sensitive stock returns are to fluctuations in exchange rate (currency defensive) separate from market influence (market defensive). Thus, the exposure coefficient captures only the sensitivity of stock returns to exchange rate fluctuations which are orthogonal to stock market returns. To this date, this approach has only been applied to the Japanese (Doukas et al., 2003) and the US (Priestley and Ødegaard, 2007) financial markets. This research contributes to the literature by providing new comparative evidence for the Eurozone financial market.
The Augmented Market Model, briefly introduced in previous section in equation (1) , is used for direct comparison with the earlier studies. Instead, in this paper we focus and draw our conclusions based on the Orthogonal Market Model. Within the Orthogonal Market Model approach, the evolution of currency and stock market behavior is expressed as a function of a set of macroeconomic fundamentals. In particular, investors' expectations about the exchange rate and stock market movements at time (t + 1) are based on the information that is available to them at the beginning of each period (t). The unexpected exchange rate variations related to the firm's currency exposure, and the unexpected stock market variations are obtained with a three-stage estimation procedure. Analytically, the first stage requires the identification of the unexpected exchange rate return, ε st . This is obtained by regressing the exchange rate changes, r st , on the first lag of the dependent variable, r st−1 , and a set of control variables, CV j, t−1 , observed at the beginning of each period as follow:
where CV j,t−1 are lagged control variables as detailed in Table 1 . Equation (2) relies on the standard random walk behavior of the exchange rate and the additional information provided by a set of economic factors. The control variables are chosen according to Chen et al. (1986) who have shown that these state variables have systematic influence on stock market returns. The unexpected exchange rate changes can then be defined as:
In the second stage we obtain the estimated unexpected market portfolio return, e M mt , by regressing the market portfolio return, r M mt , on the set of lagged control variables as before, the first lag of the dependent variable, r M mt−1 , and the estimated residual from (3) above:
The unexpected stock market portfolio return can than be definite as:
Here, M denote a specific market index, in our case M is either the Euro Stoxx TMI or the Euro Stoxx 50. By construction, the estimated unexpected exchange rate, ε st , and the unexpected market portfolio return, e M mt , are orthogonal following the inclusion of the ε st component in (4). He et al. (1996) applied the same procedure to attenuate the collinearity problem. However, the unexpected component of the exchange rate movement does not necessary evolve exogenously, some unobservable nominal or real aggregate shocks may affect both the stock market return and the exchange rate. Hence, the endogeneity of the exchange rate may still result in a bias and inconsistency in the exposure estimation model (Gao, 2000) .
The first and second stage specifications proposed here differ from the Doukas et al. (2003) model, to the extent that we do not include the FamaFrench factors (Fama and French, 1992, 1993) , namely size and value, as explanatory variables. Several studies document the extent of the size and value effect in the financial markets around the world, and while all of them were able to identify a return premium, the measure of the premiums vary across different financial markets. Dimson et al. (2002) document country specific differences among the European countries both for size and growth premiums 5 , hence a unique measure for those factors can not be applied at the Eurozone level.
The final third stage involves estimating the sensitivity of stock returns to the unexpected exchange rate and unexpected stock market portfolio returns. We express this relationship below:
The model specification in (6) takes into account the set of economic factors, and the first lag of the dependent variable, r it−1 . The endogeneity problem arising from common (observable) underlying factors that drive the exchange rate and the stock market returns is attenuated in (6) since ε st and e M mt are, by construction, orthogonal to each other and the set of economic variables included in (2) and (4).
The data
Focusing on the firms operating in the Eurozone, we consider all constituents of a broad market index, the Euro Stoxx TMI (600 firms), and constituents of a large capitalization index, the Euro Stoxx 50 (50 firms). Both indices have a diverse coverage of the Eurozone countries 6 , with an economic performance benchmark of the Eurozone in the former, and a large capitalization focus and value weighted selection criteria in the latter.
7 The large number of firms in the sample allows for a breakdown based on geographical location, industry, level of international involvement, and the size of the company. Monthly data used in this study are obtained from Bloomberg, and Stoxx Ltd.
The broad coverage of the Euro Stoxx TMI index, enables us to estimate the exchange rate exposure coefficient without a size bias that may arise due to over representation of large firms in the market proxy as would be the case with the Euro Stoxx 50 index.
8 In terms of a number of securities, the industry and size premiums are: 0.49% for Belgium, 0.76% for Finland, 0.90% for France, and 0.56% for Spain. The value premium results are: 0.29% for Belgium, 0.52% for France, 0.26% for Germany, -0.24% for Italy, and 0.10% for the Netherlands. 6 The indices cover 12 Eurozone countries: Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal and Spain.
7 The number of constituents of the Euro Stoxx TMI varies to coverage of approximately 95% of the free float market capitalization of the European Monetary Union, while the Euro Stoxx 50 covers 60% of the free float market capitalization of the TMI super sector index.
8 The over representation of large firms affects both the market risk premium and the exchange rate risk exposure coefficients. In regards to the market risk premium, ? point out that when an index is designed to cover only the largest stocks in the market, a success bias geographical segmentations are similar for both indices: the industrial sector is represented by almost 85% of the constituents; France, Germany and Italy combined account for more than 60% of the constituents.
By considering the non-Eurozone revenues to total revenues ratio we account for the firm's level of involvement in international operations or, more precisely, non-Eurozone operations.
9 The statistic on non-Eurozone revenues to total revenues ratio, hereafter the Foreign Exchange Exposure (FEE) index 10 , is presented in Table 2 . The average degree of international involvement in period from 2005 to 2010 is higher for Euro Stoxx 50 constituents (at 46.00%) than for Euro Stoxx TMI (at 39.52%). This shows that, on average, large European firms make approximately half of their revenues outside the Eurozone countries. The FEE index for Euro Stoxx 50 constituents is more homogeneous (sample standard deviation 23.25%) than for Euro Stoxx TMI constituents (sample standard deviation 31.06%). This is not surprising given wide industry coverage that characterize the TMI index. Using the time standard deviation to represent the sample average variability of the FEE index during the 5-year period, we observe that the level of international involvement is stable throughout the period for both indices (time standard deviation of 4.58% and 4.89% for Euro Stoxx 50 and Euro Stoxx TMI respectively). Therefore, it is reasonable to assume that the exchange rate risk exposure, specifically the transactional exposure 11 , is constant. We group the firms by their degree of international involvement on the basis of the FEE index threshold as in Doukas et al. (2003) . We consider high occurs as an over representation of companies that grew large enough to enter the index. Concerning the exchange rate exposure, Bodnar and Wong (2003) observe that, when large firms are over-represented in the market index, a common characteristic of a value-weighted market indices, a positive bias in the exposure coefficients occurs, due to the fact that these firms are likely to be more export oriented.
9 The degree of international involvement can be accounted for by several indicators: for example i) the foreign sales to total sales ratio, ii) the foreign assets to total assets ratio, iii) the foreign tax to total tax ratio (as long as the country where income tax are paid is the same country where income is produced), and iv) the foreign income to total income ratio. All these indicators have been gauged for the indices constituents but, insufficient geographic segmentation data disclosed by companies prevented us from constructing comprehensive and consistent data set. For this reason the non-Eurozone revenues ratio is the only indicator used in our analysis.
10 The geographic segmentation of revenues from 2005 to 2010 is provided by Bloomberg for companies that disclose this information in their balance sheet notes. Since not all of the sampled firms disclose the revenues segmentation, only the ones with available data were included during estimation of exposure coefficients when the international involvement criterion was considered. Interestingly, all of these firms are part of the banking and financial industry, leading us to believe that their hedging structure may explain the difference in sensitivities to to exchange rate fluctuations.
11 The exchange rate transaction exposure occur when exchange rate fluctuations happen during the lead time to settle an asset (credit) or a liability (debt).
exporters (or MNCs), low exporters, and non-exporters (or domestic firms). The summary results for these subgroups are reported in Table 2 . Reasonably, no domestic firms are found among the constituents of the Euro Stoxx 50. Some similarities, however, can be observed in the high and low exporter groups: the average international involvement is around 50% for high exporters and 10% for the low exporters. Also, low exporters show a more concentrated distribution within the subgroup (sample standard deviation of 5.86% and 6.23% for Euro Stoxx 50 and Euro Stoxx TMI), while high exporters are more diverse (sample standard deviation of 20.22% and 24.30% for Euro Stoxx 50 and Euro Stoxx TMI respectively).
The breakdown of Euro Stoxx TMI constituents by industry when grouped as domestic, low exporters and MNCs is represented in Figure 1 . The highest concentration of MNCs (high exporters) is in the industrial sector (73.06%) followed by the Utility (50.00%) and the Real Estate (37.50%). On the other side of the spectrum, the proportion of domestic firms is highly concentrated in non-industrials, that is Financials, Banking, and Insurance sectors.
Monthly data for the set of economic variables and nominal bilateral exchange rates are obtained from the ECB Statistical Data Warehouse. In accordance with Chen et al. (1986) and Doukas et al. (2003) we rely on six control variables to express the macroeconomic factors of interest: unexpected inflation, U I, industrial production, IP , term premium, T P , money supply, M S, interest rate spread, IRS, and trade balance, T M . Detailed list of these variables is presented in Table 1 . With the exception of the U I, all of the control variables are selected and computed following Chen et al. (1986) and Doukas et al. (2003) specifications. We performed Fama and Gibbons (1984) procedure in order to obtain expected and unexpected inflation. However, due to low volatility of inflation within the Eurozone, the above procedure was not consistent with its statistical assumptions. Instead, we compared the results from different unexpected inflation proxy selecting the realized previous month rate of inflation.
12
12 Unanticipated inflation is the difference between realized monthly inflation rate in period (t) and the expected inflation rate in period (t), conditioned on the information available at the end of period (t − 1). We performed the (Fama and Gibbons, 1984) procedure to extract market inflation expectations from the Fisher's interest rate relationship. The actual behavior of the inflation rate within the Euro area exhibit features that violates the inflation expectations model of Fama and Gibbons (1984) , that is the hypothesized random walk behavior of expected real rate of return. The comparative assessment of three proxies for the expected inflation: i) the world oil price index variations (as approximated by the West Texas Intermediate); ii) the European Central Bank survey of professional forecasts; and iii) the previous month realized inflation respectively, led us to the use of the latest. Accordingly, Gao (2000) employs the realized inflation rate as a control variable to identify unexpected exchange rates variations.
Results
We focus on the exchange rate exposures of European firms obtained through the Orthogonal Market Model approach (Doukas et al., 2003; Priestley and Ødegaard, 2007) . We contrast our findings with the results based on the Augmented Market Model approach (Jorion, 1990) , the mainstream empirical model widely employed in previous studies. Further, we explore the interdependence between exposure to market risk and exposure to currency risk with a use of the quantile regression model of Koenker and Hallock (2001) .
Model estimation
We first turn our attention to Table 3 detailing the first stage estimation in (2) for all three pairs of currencies where investors expectations of the exchange rate changes are based on identified previous month macroeconomic fundamentals. The currency pairs analyzed are only weakly influenced by the set of macroeconomic fundamentals. At this stage, the first lag of the exchange rate return and the Euro's money supply are the only significant determinants of exchange rate changes with no significant effect for the remaining factors. While the joint hypothesis of null coefficients is rejected for the JPY/EUR and USD/EUR, the GBP/EUR is found to be independent of all macroeconomic variables (F -statistic, Table 3 ). These findings are consistent with previous studies on exchange rate forecasting, where the random walk path of exchange rates is still the benchmark model for the short run behavior of exchange rates (Meese and Rogoff, 1983) . The first stage does not attempt to forecasts the exchange rate itself, instead it is aimed to identify the unexpected exchange rate return, ε st . We report the Jarque and Bera (1987) (JB) test statistic in Table  3 , formally providing a support to the existence of an informative structure in the unexpected exchange rate returns.
Investors' expectation of market portfolio returns are based on identified previous month macroeconomic fundamentals while taking into account the impact of unexpected exchange rate changes on the stock market value. Using (4) in the second stage, we estimate the unexpected market portfolio returns and present the results in Table 4 for both market return proxies: the Euro Stoxx TMI and Euro Stoxx 50. Although the hypothesis of joint null coefficients is rejected, the Eurozone stock market is only weakly influenced by the set of macroeconomic fundamentals. We tested the significance of only macroeconomic variables in a restricted model in (4). Contrary to first stage estimation, the macroeconomic variables were found to be statistically different from zero, confirming the weak but significant influence of identified factors when considered jointly. In particular, we find that realized inflation is negatively related with stock market returns providing corroborating evidence of the inflation puzzle as in the earlier work of Fama (1981) .
13 Unexpected exchange rate fluctuations in the JPY/EUR have significant and positive impact on both market indices. These findings are consistent with Doukas et al. (2003) , who document the weak significance of macroeconomic variables as proxies for the underlying risk factors driving stocks returns of Japanese financial market. These results, however, differ from the reference study of Chen et al. (1986) and Hamao (1988) , who document the pricing relevance of the macroeconomic state variables for the US and Japan markets. The JB test results in Table  4 provide additional support to the existence of an informative structure in market return residuals, e M mt . With the currency and market risk factors now satisfying the orthogonality condition, we turn to our final, third stage as detailed in (6). The sensitivity of stock returns to unexpected exchange rate variations is captured by the coefficient β is and is of primary interest in this paper. We perform estimations for the full sample period, 1999 -2011, and for two sub periods: March 1999 -June 2007 (pre-crisis period) and July 2007 -September 2011 (crisis period).
14 Securities with less than 5 years of data were excluded from the analysis, resulting in 529 firms for the Stoxx TMI and 49 firms for the Stoxx 50. Tables  5 and 6 summarize ordinary least squares (OLS) heteroskedasticity robust estimates of the exchange rate exposure in (6) for the Euro Stoxx TMI and the Euro Stoxx 50 constituents respectively. We report the percentage of firms significantly affected by exchange rate fluctuations, the average magnitude of significant exposure coefficients and the number of firms positively, N + , and negatively, N − , affected by currency variations. Considering the full sample period we find that the percentage of firms significantly affected by the JPY/EUR exchange rate fluctuation is the largest among the three currency pairs considered, representing 27.60% of the Euro Stoxx TMI constituents. During this period, the appreciation of the Euro against JPY is associated, on average, with an 8.2% increase in stock returns for each 10% change in exchange rate. Although the impact of appreciating Euro against the USD and GBP is positive and similar to that of the JPY 13 Fama (1981) argues that stock returns are determined by forecasts of real variables. Negative relations between stock return and inflation, both expected and unexpected components, are induced by negative relations between inflation and real activity. Consistent with the results obtained for the US data, Gultekin (1983) extended the analysis to 26 countries and found evidence of negative relation between stock returns and inflation. In contrast, Boudoukh and Richardson (1993) found evidence that long horizon (1 year and 5 years) nominal stock returns are positively related to both ex ante and ex post long term inflation.
14 The ECB time-line of the GFC reports a state of increasing market vulnerability on the 15th of June 2007. The state of worldwide liquidity shortage, identifying the beginning of the sub-prime crisis, is conventionally reported on August 2007. Accordingly, the start of the crisis has been dated as July 2007 in Dungey et al., 2009; Fry et al., 2010 Fry et al., , 2011 (6.8% and 7% respectively), the proportion of firms with significant impact is considerably smaller (13.04% and 10.78% of constituents respectively). This result is consistent with the study of Muller and Verschoor (2006b) on European MNCs in that the value of European firms increases in response to appreciation of the Euro. Operationally, this situation would be consistent with a scenario where European firms are net importers from these countries, however, this is not the case. Except for the Japan, the Eurozone trade balance against the UK and the US have recorded surplus positions in the period analyzed. We argue that net export positions of the firms are not the key determinants of their exposure to the exchange rate risks. Most likely, given that actual net export positions have already been priced in the value of Euro, they are not part of unexpected exchange rate fluctuations.
15
The percentage of firms exposed to exchange rate fluctuations is higher for the Euro Stoxx 50 constituents (in Table 6 : 42.86% for JPY, 26.53% for USD, and 20.41% for GBP) than for the Euro Stoxx TMI constituents (in Table 5 : 27.60% for JPY, 13.04% for USD, and 10.78% for GBP). This is not surprising given the fact that the Euro Stoxx 50 is comprised of the largest MNCs in Eurozone (37 out of 43 firms are identified as high exporters, see Table 2 on page 25). Having said that, the magnitude of the exposure coefficients, β is , can not be compared between indices in absolute terms since it depends on the particular market index analyzed. Keeping this in mind, one can argue based on results in Table 6 that the GBP has the highest impact with 9.5% stock return sensitivity for each 10% exchange rate variation, followed by the JPY (6.7%) and the USD (5.9%). This result, however, is not indicative of the Eurozone stock market overall (when the Euro Stoxx TMI index is employed) and may be related to different trade relationships or risk management practices of large capitalization firms.
We contrast the results discussed above with those of the two subperiods: i) from March 1999 to June 2007 and ii) from July 2007 to September 2011. In Tables 5 and Table 6 we estimate currency trends indicative of the variations in the Euro against the USD, GBP and JPY for the full period as well as the two subperiods.
16 The first subperiod is characterized by appreciation of the Euro against the JPY (+24.83%) and the USD (+23.04%), while remaining relatively stable against the GBP (+0.56%). During the second subperiod, the Euro depreciated substantially against the JPY (−29.54%), while maintaining a relatively stable exchange rate with the USD (+6.31%) and, on the contrary, experienced an appreciation against the GBP (+30.12%). Considering the Euro Stoxx TMI index, the value of European firms is positively affected 15 Source: Eurostat, Extra-euro area (EA17) trade, by main partners, total product. 16 The rate of change is computed as Pt Pt−n − 1, where P t is the exchange rate. In order to mitigate short term fluctuations in the exchange rate we compute the six months moving average of the exchange rate.
by fluctuations of all the currencies analyzed, independently of whether the Euro appreciates or depreciates (note, however, that these results are in direct contrast with those obtained using the Orthogonal Market Model approach detailed in Tables 7-8 when the orthogonality issue of the two systematic risk components is not addressed). Meanwhile, we find that the number of firms significantly affected by these fluctuations have more than doubled during the second subperiod compared to the first. The magnitude of exposure coefficients, on average, has increased during the second subperiod with the only exception of the GBP. Furthermore, it is interesting to note that despite the variability in the number of firms significantly affected during the full period, the proportion of positive and negative exposure coefficients is almost constant between subperiods for the USD and JPY. These results hold, to a lesser extent, for the Euro Stoxx 50 constituents. Overall, our findings support the conjecture of a different impact of exchange rate fluctuation during the pre-crisis and the crisis subperiods. In particular, this study highlights the time varying nature of exchange rate sensitivity of stock returns and its increased exposure during the crisis period.
It is interesting to contrast the results obtained trough the Augmented Market Model approach with those of Orthogonal Market Model. The Orthogonal Market Model was the mainstream approach in the literature. It was first introduced by Jorion (1990) and was applied in Muller and Verschoor (2006b) , Bartram and Karolyi (2006) , Nguyen et al. (2007) , Hutson and O'Driscoll (2010) and Inci and Lee (2011) . By comparing the two approaches, we do not attempt to reconcile the estimations obtained within these two different modeling frameworks. Instead, we attempt to provide evidence of the measurement bias, if any, when estimations of the exchange rate exposure are obtained using Jorion (1990) approach. We have previously argued in Section 1, that the collinearity between risk factors and the improper use of realized exchange rate changes as proxy of unexpected changes, may contribute to the bias. Tables 7 and 8 report the heteroskedasticity robust OLS estimates of the exchange rate exposure coefficients in (1) for both indices.
The percentage of firms significantly affected by realized exchange rate fluctuations is smaller than the proportion measured within the Orthogonal Market Model approach. As an example, for the JPY the measurement bias is 42.46% for the Euro Stoxx TMI constituents and 61.90% for the Euro Stoxx 50 constituents. The reason for such large departure is that the exposure coefficients in Jorion (1990) model capture only the stock return sensitivity to exchange rate fluctuations in excess to the market portfolio overall sensitivity. Therefore, a systematic underestimation of the proportion of firms significantly affected is due to this modeling framework configuration of exposure coefficients and, in fact, may partially justify the exchange rate exposure puzzle. Large capitalization firms are more exposed than the Eurozone stock market overall (as proxied by the Euro Stoxx TMI constituents), a finding which is consistent with previ-ous results in Table 6 . Looking at the average magnitude of significant exposure coefficients, the Augmented Market Model again underestimates the sensitivity of stock returns to exchange rate fluctuations. However, the signs of coefficients are consistent with the results in Tables 5 and 6 with the exception of the GBP for the Euro Stoxx TMI firms. Overall, by identifying and filtering the joint influence of macroeconomic fundamental on the exchange rate, the market and the stock returns, the Orthogonal Market Model approach appears to offer a better picture of the impact of unexpected exchange rate fluctuation on market values of European firms. These results attenuate the extensive evidence of the exchange rate exposure puzzle by increasing the percentage threshold of firms significantly affected and the magnitude of the exposure coefficients previously found in other studies (for the summary of these empirical findings see Table  12 ).
The firm's level of international involvement is a recognized determinant of firm's exchange rate risk exposure. However, its contribution to the sign, significance and magnitude of the exposure coefficients is ambiguous. Based on findings in previous studies, we do not expect an a priori relationship between the ratio of non-Eurozone revenues to total revenues and the firm's exchange rate exposure. Choi and Jiang (2009) found evidence that the multinationality matters for a firm's exchange exposure but not in the way usually presumedthe exchange risk exposures are actually smaller and less significant for MNCs than for non-multinationals. The authors provide evidence that operational hedging decreases firm's exchange risk exposure and increases its stock returns. According to Davies et al. (2006) , there is strong evidence indicating that firms with higher proportion of international sales are more likely to hedge foreign exchange exposure. Nevertheless, it is plausible that the effectiveness of these financial and operational hedging may be incomplete when future cash flows are considered. While hedging strategies effectively mitigate current exposure in the short run (i.e, the transaction exposure), the effectiveness of these hedging practices is weak in the long run (i.e, the economic exposure 17 ). Table 9 reports the exposure coefficients grouped by level of international involvement as approximated by the FEE index in section 4 on page 10.
From this perspective a clear pattern emerges: the combined proportion of low exporters and domestic firms significantly exposed to exchange rate fluctuations and the average magnitude of significant coefficients is higher than for MNCs, reconfirming the findings in Davies et al. (2006) and Choi and Jiang (2009) . This result weakens theoretical doctrine by which, the greater the firm's level of international involvement, the greater the impact of currency fluctuations on firm's market value. In contrast, our results highlight the relevance of the exchange rate exposure of firms which do not report operations in foreign currencies and the need for a better control of this risk. In fact, risk management policies 18 , may explain the superior performances of MNCs when compared with low exporters in terms of exchange rate exposure. It is interesting to note, however, that when controlling for the level of international involvement, large capitalization firms are more likely to be exposed to exchange rate risk. As an example, 43% of Euro Stoxx 50 MNCs are significantly affected by exchange rate fluctuations compared with 27% of Euro Stoxx TMI MNCs (see Table 9 on page 33).
Most of the studies reviewed focused on industrial firms, assuming that the exposure of financial firms may be driven by different aims and factors; particularly the possibility of taking advantage of better forecasts of future exchange rates by financial institutions. Instead, we include financial firms in our analysis. Estimates in Table 10 confirm that firms within the financial industry experienced a much larger positive impact of exchange rate fluctuations than firms outside the financial industry. The proportion of financial firms significantly affected is more than double the proportion of non-financial firms and, in addition, the magnitude of exposure coefficients are greater on average.
Our estimations of exposure coefficients is further explored considering the country of origin. Table 11 shows the country specific breakdown of estimated exposure coefficients. Each country is ranked by the number of firms significantly exposed to currency changes. At the Eurozone level, it is interesting to note that firms in Portugal, Greece and Italy present the highest sensitivity to exchange rate fluctuations for the currencies considered. At the other end of the spectrum firms in Austria, Ireland and Finland experienced the least wealth variations related to fluctuations in the Euro. These differences might be attributed to a relatively large concentration of financial firms for the first group of countries and the linkages of those firms' assets with sovereign debt securities.
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The IAS 39 (Financial Instrument: Recognition and Measurement) introduced the hedge accounting rule within the international accounting reporting system. The hedging transactions undertaken for the economic aim of reducing potential loss from fluctuations in foreign exchange rates are reported under the IAS 39 if the hedge relationship is effective. Due to the lack of data for the number of European firms that report the value of derivative instruments employed to hedge against exchange rate exposure, we are unable to control for different currency risk management practices.
Relationship between sensitivities to market and exchange rate fluctuations
Within the orthogonal market model the exchange rate exposure coefficient captures only the overall sensitivity of stock returns to unexpected exchange rate fluctuations. By construction, the impact of unexpected exchange rate changes on the stock market returns is controlled and filtered. Therefore, the market beta reflects only the sensitivity of stock returns to the market risk factor. Decomposing the market and exchange rate risks allows us to explore how sensitive stock returns are to fluctuations in exchange rate separate from market influence. This, in turn, allows us to measure the extent to which market defensive stocks provide a hedge against exchange rate risk. We investigate the interdependence between estimated currency betas, β s , and market betas, β M m , using a quantile regression model, where the exposure to market risk, as captured by the market beta, is the response variable as follows:
where, β M im , is the market risk exposure for a firm i estimated from Equation (6) and, β is , is the exchange rate risk exposure from Equation (6). We attempt to characterize quantiles, τ , of the conditional distribution of market betas as a function of currency betas. Figure 2 plots OLS quantile regression estimated for τ ranging from 0.05 to 0.95 (the solid dotted curve). For each of the plots the horizontal axis is the quantile scale and the vertical axis as the response variable scale. In particular, each point measure the impact of a one-unit change of the currency beta on the market beta, holding other covariate fixed. The two solid curves represent 95% confidence intervals of the estimated coefficients using quantile regression. The dashed line in each plot shows OLS estimate of the conditional mean effect and the two dashed dotted lines represent conventional 95% confidence intervals for the least squares estimates (details of quantile regression estimations are reported in Table 13 ).
Our estimation show a positive non-linear relation between exposure coefficients to market risk and currency risk. In particular, the strength of the relationship is greater for the JPY where firms highly exposed to currency risk (the 95 th percentile of currency beta distribution) experienced a greater market risk exposure of 0.20 (in market beta scale) when compared with firms less exposed to the JPY (the 5 th percentile of currency beta distribution). Therefore, in case of JPY, firms most exposed to exchange rate risk are more likely to experience a greater exposure to Eurozone market risk factor. However, when the GBP and the USD are considered, the interdependence between currency risk and market risk appear less relevant. In particular, firms which occupy the median quantile of currency beta distribution are more likely to be exposed to market risk compared to firms which occupy the last quantile of the distribution. Further, the magnitude of the coefficients for the GBP and USD is less evident than the one for the JPY.
These estimations, deepen our understanding of the impact of exchange rate fluctuations on market risk exposure and, ultimately, on the firm's value. However, some critical points are in need of attention: i) unobservable macroeconomic fundamentals may still jointly affect the exchange rate and the stock market value, posing a collinearity problem; ii) since the quantile regression is performed on estimated currency and market betas the estimation errors in these variables may adversely impact the assessment of the relationship between currency exposure and market exposure.
Concluding remarks
Previous works on firms' exchange rate exposure have focused on the US markets and found that the US Dollar exchange rate fluctuations have weak effect on US stock returns. In light of the vast empirical evidence, Bartram and Bodnar (2007) gave rise to the so called exchange rate exposure puzzle. The authors argue that the proportion of firms significantly exposed is not as high as literature leads us to believe. This could be partially attributed to failure to recognize reducing exchange rate exposure. If firms react rationally to the exposure by undertaking operational and financial hedging actions, it is plausible that most firms are not exposed. Alternatively, stock returns reflect only the residual exposure of firms, that is, net of corporate hedging policies. The international evidence on currency exposure provided so far has found significant results for just 10-25% of the cases (Bartram and Bodnar, 2007) .
This study takes into account the joint influence of macroeconomic fundamentals on stock market and exchange rate returns by employing the Orthogonal Market Model approach proposed in Doukas et al. (2003) and later in Priestley and Ødegaard (2007) . The results are compared with the mainstream Augmented Market model of Jorion (1990) allowing us to contrast the systematic underestimation of the proportion of firms significantly affected by the exchange rate fluctuations for the latter. We examine the exchange rate exposure of the European firms after the inception of the European common currency, focusing on the three major trading partners of the Eurozone by analyzing the impact of the US Dollar, British Pound and Japanese Yen on the value of European firm. We find that 11% to 28% of the Euro Stoxx TMI constituents are significantly affected by exchange rate fluctuations. When compared to the results of other studies on the exchange rate exposure of the European firms, our estimates exceed previous findings (Bartram and Karolyi, 2006; Hutson and O'Driscoll, 2010; Inci and Lee, 2011; Nguyen et al., 2007; Muller and Verschoor, 2006b ). We also observe that among the currency pairs analyzed the Yen had the highest impact on the returns of the European firms, with the greatest impact on the firms in the financial sector and for the large capitalization firms.
We find that stock returns react positively to the Euro appreciation during the 1999-2011 as well as in two subperiods analyzed (1999-2007 pre-crisis period and 2007-2011 crisis period) . Interestingly, the percentage of firms significantly exposed increased substantially during the period affected by the Global Financial Crisis. These results provide additional support to the time varying dynamic of exchange rate exposure, despite the potential stability of firms trading relationships.
Contrary to the theoretical conception and previous research findings, our results for low-exporter and domestic subgroups indicate that the level of internationalization, as measured by non-Eurozone revenues on total revenues, does not characterize an a priori exchange rate exposure behavior. Domestic firms appear more exposed than MNCs, highlighting the need for a better corporate management of exchange rate risk by these firms. As expected, firms operating in the financial sectors systematically experience greater exposure to exchange fluctuations both in terms of magnitude and percentage of firms significantly exposed. The country breakdown of the firms reveals different impact of exchange rate fluctuations on these Eurozone national stock markets. In countries that experienced sovereign debt crisis and countries where the concentration of financial firms is larger we observe greater exchange risk exposure.
We investigate the link between the currency and the market risk exposure and find a positive non-linear relationship between estimated currency betas and market betas. In particular, the firms most exposed to currency risk factor are the ones experiencing greater market exposure. We find that this relationship is strongest for the case of the JPY. As a consequence, market defensive stocks may prove to be a good hedging tool against exchange rate risk exposure.
Our results suggest that domestic firms are more vulnerable to unexpected exchange rate fluctuations that MNCs. Further research could examine this interesting finding in a different light by controlling for differences in risk management policies of firms. (2003) we rely on six control variables to express the macroeconomic factors of interest: unexpected inflation, U I, industrial production, IP , term premium, T P , money supply, M S, interest rate spread, IRS, and trade balance, T M .
Coefficient Variable Symbol
Description and calculation
Term premium 10Y Gov bond yield -3M Gov bond yield
Money supply %M 1
Interest rate spread 3M Gov bond yield differential (Foreign country; Eurozone)
Trade balance Doukas et al. (2003) , we classify high exporters as firms with FEE ≥ 20%, low exporters with 0 < FEE < 20%, and domestic firms are the ones with FEE = 0. Table 3 : Results of the first stage regression (unexpected exchange rate returns). Model r st = β 0 + 6 j=1 β j CV j, t−1 + β 7 r st−1 + ε st is estimated for monthly data from 1999 to 2011. The exchange rate return,r st , for the Euro against the JPY, USD and GBP is regressed on the set of lagged macroeconomic control variables, CV j t−1 , the first lag of the dependent variable, r st−1 . The coefficients estimates are provided along with their associated level of significance. Normality test on the residuals from the regression is reported (JB test). 
Variables
is estimated for monthly data from 1999 to 2011. The stock market portfolio return, r M mt , is regressed on the set of lagged macroeconomic control variables, CV j t−1 , the first lag of the dependent variable, r M m t−1 and the estimated unexpected exchange rate return, ε st . The Euro against the JPY the USD and the GBP are considered. The coefficient estimates are provided along with their associated level of significance. Normality test on the residuals from the regression is reported (JB test). Figure 1 : FEE index industry breakdown. The figure illustrates the industry breakdown of Euro Stoxx TMI constituents grouped as domestic, low exporters and MNCs. The highest concentration of MNCs (high exporters) is in the industrial sector (73.06%) followed by the Utility (50.00%) and the Real Estate (37.50%). On the other side of the spectrum, the proportion of domestic firms is highly concentrated in non-industrials, that is Financials, Banking, and Insurance sectors. Model Average of significant β is from Equation (6) on page 9.
(b)
Number of significant and positive β is from Equation (6) on page 9.
(c)
Number of significant and negative β is from Equation (6) on page 9. Model Average of significant β is from Equation (6) on page 9.
Number of significant and negative β is from Equation (6) on page 9. Jorion (1990) ). Average of significant β 1i from Equation (1) on page 4. Number of significant and positive β 1i from Equation (1) on page 4.
Number of significant and negative β 1i from Equation (1) on page 4. Jorion (1990) ). Average of significant β 1i from Equation (1) on page 4. Number of significant and positive β 1i from Equation (1) on page 4.
Number of significant and negative β 1i from Equation (1) on page 4. Average of significant β is from Equation (6) on page 9.
Number of significant and negative β is from Equation (6) on page 9. Average of significant β is from Equation (6) on page 9.
Number of significant and negative β is from Equation (6) on page 9. Non Financials are comprised of firms in Industrial, Utility and REIT sectors. Average of significant β is from Equation (6) on page 9.
Countries with less than 5 firms. Relationship between exchange rate exposure and the Eurozone stock market exposure. Using quantile regression we investigate the interdependence between estimated currency betas, β is , and market betas, β im , using a quantile regression model, where the exposure to market risk, as captured by the market beta, is the response variable as in equation (7). We plot OLS quantile regression estimated for τ ranging from 0.05 to 0.95 (the solid dotted curve). For each of the plots the x axis has the quantile scale and the y axis as the response variable scale. In particular, each point measure the impact of a one-unit change of the currency beta on the market beta, holding other covariate fixed. The two solid curves represent 95% confidence intervals of the estimated coefficients using quantile regression. The dashed line in each plot shows OLS estimate of the conditional mean effect and the two dashed dotted lines represent conventional 95% confidence intervals for the least squares estimates. *For all of the studies listed, realized exchange rate return was used as unanticipated exchange rate proxy. *, **, *** denote significance at 10%, 5% and 1% respectively.
